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Hourly temperature data were obtained from 340 first order weaiher 
stations located in the continental United States, Alaska, and the 
Panama Canal Zone. The data was processed by compurer, tanked into 
monthiy maximum and minimum percentiles values, and presented in tabular 
form for application to maps, charts, or calculations. Ar additional 
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ey Study involving the daily minimum temperature was conducted to define the 
& limiting temperature values associated with a 3-and 6 consecutive hour 

a cold soak period. To facilitate the utilization of these percentile 

im data in fuel and lubricant specifications, isothermal maps were prepared 
bs defining geographic regions in terms cf selected minimum and maximum 

. percentile values. 
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!. INTRODUCTION 


The global requirements of the U.S. Army have dictated a need to 
develop methods of identifying geographic areas in terms of their antici- 
pated climatological conditions. This need is based not only on defining/ 
predicting conditions for satisfactory operatibility of equipment and 
materials, but also on the procurement policies of petroleum, oi], and 
lubricant items. Since petroleum products, both bulk and packaged are 
usually purchased under contract periods, semi-annual! or annual, the 
need for meteorological description of monthly intervals exists. The 
primary use for a description of this nature would be to provide realistic 
and meaningful temperature standards for use in fuel and lubricant speci- 
fications. To illustrate one application for this type of climatological 
data, VV-F-800a (the Federal Specification for Fuel 011, Diesel) specifies 
the requirements for pour point (ASTM 97), "to be 10°F. lower than the 
lowest daily mean atmospheric temperatures expected in the localities 
and during the seasonal periods which the fuels are to be used’'. This can 
be misinterpreted due to the fact there is no generally acceptea method 
of predicting the temperatures likely to be experienced. Another appli- 
cation to illustrate the further utilization of this climatological data 
would be in the procurement of automotive engine ard gear lubricants, 
hydraulic fluids, gas turbine fuels, home heating fuels, only to name a 
few. Thus, precise and readily interpreted temperature data is necessary 
to insure that accurate operational limits are specified in fuel and lub- 
ricant specification documents. 


The National Oceanic and Atmosphoric Administration publishes data 
from a variety of stations throughout the U.S., reporting maximum, mini- 
mum, and average temperature data as well as other meteorological condi-~ 
tions. Yet the data gives Jicttle indication of temperature duration and 
probability as needed for fuel and lubricant specification purposes. In 
addition several temperature studies have been performed in the past by 
petroleum companies which essentially provided product design and market- 
ing information. These studies (1, 3, 4, 5 and 6) were often based on 
non-standard correction factors, various methods of defining the maximum 
and minimum, and were usually intended for specific products and or 
geographic areas; however, they did not satisfy the requirements for a 
complete maximum and minimum temperature coverage of the continental U.S. 
United States. One of the more extensive studies, conducted by the Shel} 
Oi' Company (4), compiled data from 310 weather stations across the U.S. 
presenting temperatures based on an average of 20 years data in terms 
of the percentile level of occurrence. While this study has considerable 
merit and acceptance, it has definite limitations namely: the calculation 
of percentile values over 80 and below 20 may be in error, the study was 
cenducted on a weekly basis which does not lend itself to procurement 
and specification documents, and the data was primarily based toward 
maximum temperatures with superficial coverage of minimum temperatures. 
These differences were realized at a joint meeting (2) of the ASTM Tech 
Committee D439 A-I Task Force and U.S. Army Materiel Command personnel 
which met to resolve the differences between the proposed ''b'' revision 
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of Federal Specification VV-G-76 (Gasolir.., Automotive) and the ASTM 

D439 Gasoline Specification. From this and subsequent meetings, it 
became evident that a need existed for a more comprehensive and complete 
temperature study to encompass not only the continental! United States but 
also Alaska and the Panama Canal Zone. As a result of this and other 
factors this Laboratory having custodial responsibility for surface 
mobitity fuel and lubricant specifications initiated a research study to 
define limiting climatological requirements. 
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defining ambient temperature distributions and their calculated profiles 
for the continential U.S., Alaska, and the Panama Canal Zone. 
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11. DETAILS OF TEST 
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This report describes the results of a study and its methodology for 
A. Temperature Data Input. 

In response to the need for precise and readily interpreted 
temperature data for use in clarification as well as a source of accurate 
meteorological data for specification documents, this !aboratory initiated 
a study of maximum and minimum temperatures of the continental U.S., 
Alaska, and Panama Canal Zone. The temperature data input.for this ex- 
tensive study was obtained from the U.S. Department of Commerce, Nationa! 
Oceanic and Atmospheric Administration, Environmental Data Service, 
National Climatic Center (NCC) located in Ashville, N.C., and the 
U.S. Air Force Environmental Technical Applications Center (ETAC), 
Washington, D. C. Initially, the data was acquired from NCC and consist- 
ed of maximum and minimum temperature data for 204 weather stations for 
the period January 1953 through December 1962. The data collected from 
ETAC, extended the period of record to 15 years by adding 5 additional 
years of data, January 1950 to December 1952 and January 1963 to December 
1965. In the case of stations located at military sites, the period of 
record was extended to 21 years by furnishing data through December 1970. 
ETAC also supplied data from 136 additional stations located in the 
continential U.S., Alaska, and the Panama Canal Zone. Appendix A, yrrt 
1, provides a listing of each station, its elevation, NCC-ETAC station 
number, and period of record. Since NCC and the data processing division 
of ETAC are located in Ashville, N. C. with both agencies using the sane 
data banks and computer facilities, the temperature data is uniform anc 
complete. 


Stations were selected on the basis of several criteria, namely: 
population, elevation above seal level, distribution across the U.S., 
quantity of hourly data available, and location within states having 
distinctly varied climatic zones such as California and Texas. Al} 
weather stations used in this study are designated ''First Order'' and have 
a full complement of instruments, with meteorologists present 24 hours 
per day. At these stations, hourly temperature readings are obtainec 
from ’iquid in glass thermometers *onta:ning mercury or absolute ethyl 
alcohol. The thermometers are read to tse nearest deqree and are sus~ 
pended in white louvered instrument shelters, located i.25 to 2.0 meters 
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above the ground. The practices and procedures of the U.S. Department 


of Commerce (7) and the World Meteorological Orginization (8) are observed. 


Data from NCC and ETAC was obtained from master files of hourly 
data for each station. Maximum temperature data was the highest hourly 
reading amoung the 24 hourly records obtained in one day, while the nini- 
mum data was the lowest value among the 24 hourly readings. The totai 
number of times any temperature between -SO°F. and 120°F. was the daily 
maximum or minimum, was reported; thus the data was in the form of a 
frequency distribution. At no time was a temperature of less than -50 
or greater than 120 recorded during the period of record used in this 
study. The only exception being the Alaskan data which remained within 
the range of -80°F. to 120°F. Data describing the 3 and 6 coldest hours 
of the night were also computed from hourly data. The 3 hour minimum was 
the highest temperature of the 3 coldest consecutive ‘ourly values. The 
6 hour minimum was reported as the highest temperature cf the 6 coldest 
consecutive hourly values. These values describing the coid soak period 
of the night were also supplied in a form readily converted to frequency 
distributions. Appendix C provides a listing of definitions of terims 
used in this study. 


B. Methodology and Calculations. 


lf temperature data of sufficient length to produce a represen- 
tative sarple of a weather station is compiled, the data can be statis- 
tically evaluated to define the probability of various temperatures 
occurring. In this study, various percentiles were calculated which 
report probability based on the compiled distributions of temperatures 
for each station. The calculation of percentiles is a statistical pro- 
cedure which evaluates a distribution of compiled data and reports on 
the probability of individual values occurring. Thus percentile evalua- 
tion answers the question as to with shat probability or risk level a 
temperature can be anticipated. 


In this study temperature data were groupec jinco individual 
months. For example, the January maximum temperature distributions were 
compiled from 465 daily maximum temperature values when fifteen years of 
data was used and 651 values for a twenty-one year perioc of record. The 
hypothetic temperature distribution shown in Figure | (Appendix D) is 
characteristic of a ''Gaussian normal" distribution. The 50th percentile 
is the point along the temperature axis that corresponds with 50% of the 
area under the curve of the distribution, and is also the value of the 
mean. The 50th percentile temperature has a 50% probability of being or 
not being exceeded. The 90th percentile has a 90% probability of not 
being exceeded and corresponds with 90% of the area under the distribution 
curve. There is a 10% chance that the 90th percentile will be exceeded. 
The 10th percentile value represents the temperature which has a 10% 
probability of occurring. The 100th precentile is the greatest value of 
the distribution while the 0 percentile is the lowest value. Another 
method of illustrating the meaning of percentiles as well as a convenient 


method of calculation is to use a cumulative frequency plot, as shown 

in Figure 2 (Appendix D), and solve for percentiles using a graphic 
method. tn using this method, locate the value obtained from equation (1) 
on the plotted cumulative sum curve of Figure 2 (Appendix D). ‘he temper- 
ature value located directly below this point is the value of the per- 
centile. 


Pavblan ob cundlaciwe saue (Cumulative Sun) _X (desired Percentile) (1) 
In other words, the value of a percentile is the highest temperature of 
the sum of individual temperatures required to equal a percentage of the 
cumulative sum, the percentile level is the percentage. for example 
from Figure % (Appendix D) the cumulative sum is 24610, with the value 
of equation (1) being 22149 when solving for the 90th percentile. If 
the computation of the cumulative sum were begun again and terminated 
upon reaching 22149, the highest temperature would be 65° - the 90th 
percentile temperature. his is also the value directly below 22149 on 
the plotted curve of Figure 2 (Appendix D). The graphic method compen- 
sates for non-normal distributions of temperature, producing accurate 
percentile calculations. In this study, distributions were processed 
from magnetic tape by a computer oriented interpretation of the graphic 
method of evaluating cumulative-product~sums as the method of computing 
percentiles. 


Figure 4 (Appendix D) is a print-out from the computer of per- 
centiles calculated from maximur and minimum temperature data for Chicaqo's 
Midway Airport. The 100th percentile maximum temperature for January 
is 67° and is the highest hourly temperature recorded during the 15 year 
period of record. The 9$th percentile maximum temperature is 58° and is 
the temperature having a 99% probability of not being exceeded. The 50th 
percentile maximum temperature for January is 32° and is also the mean 
or average daily maximum temperature. Maximum temperature percentiles 
are calculated for the upper one-half of the compited distributions of 
maximum temperatures and range from 50 to 100. Tie minimum temperature 
distributions are described by the percentiles of the lower one-half of 
the distribution and range from 0 to 50. From Figure 4 (Appendix D) the 
0 percentile for January is -18° and is the lowest hourly temperature 
recorded during the period of record. The first percentile minimum tem- 
perature is -13°. For this percentile level, there is a 1% chance of a 
lower daily minimum temperature occurring or a 99% chance that the daily 
minimum will be no lower than -13°. The 50th percentile minimum tempera- 
ture is the average daily minimum temperature. 


The terms zero and 100th percentile are theoretically impossible 
to calculate as it is assumed that a distribution continues to plus and 
minus infinity. In this study the maximum and minimum extremes of the e 
distributions obtained fer the individual period of record for each 
station are listed as the 100th and zero percentiles. 
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In addition to obtaining maximum and minimum temperature data, 
information describing the temperutures associated with the daily minimum 
were also obtained and pracessec by computer into percentiles. This in- 
formation was in che form of hourly temperature data describing the 3 and 
6 coldest consecutive hours of the day. A diurnal temperature curve for 
January and July at Minot, North Dakota appearing in Figure 5 (Appendix D) 
was compiled from 15 years of hourly data. The 3 and 6 coldest consecu- 
tive hourly periods are identified for each month. For the January 3 
hour minimum, there are two possible 3 hour periods fitting the descrip- 
tion of the 3 coidest consecutive hourly readings. The 3 and 6 hour mini- 
mum temperatures describe the shape of the diurnal curve and the tempera- 
tures associated with the daily minimum. The differences between the 3 
or 6 hour minimum and the daily minimum are the temperature ranges of the 
3 and 6 coldest hours of the day. These values relate information as to 
"cold soak"! period occurring during the night. For example, diesel fuels 
solidify at low temperatures. As the temperature decreases straight- 
chain paraffiric hydrocarbons will solidify first, forming a waxy, soft, 
crystalline amorphorus material. With slow cooling, the wax formation 
can occur at a higher temperature forming larger crystals than with 
rapid cooling (9). This "superccoling'’ is significant as the extent of 
wax formation influences the operability of the fuel. Wax may plug fuel 
filters and screens resulting in poor starting, stalling after starting, 
or even failure to start. The cloud point of a fuel (ASTM D 2500) defines 
that temperature at which the first appearance of ''wax'' is observed. 


It should be noteo that the 15 or 20 years of continuous data 
used in this study is considered to be of sufficient length to provide 
an accurate representation or history of a weather station. Enger (10) 
concluded that a 30 year period of record was only slightly better than 
a 10 year period for climatological predictions. If a longer period of 
record were used only the extreme percentiles would change due to the 
increased probability of unusual extreme temperatures occurring. Once 
a sufficient period of record is obtained, an extension will only change 
the extremes. 


The wse of hourly data overlooks the possibility of an extreme 
occurring between hourly readings. Westbrook (1!) reported that on 
extreme summer days the actual maximum was greater than the maximum 
derived from hourly data on 69% of the days during a 5 year period. Yet 
the temperature remained within 4° of the maxinum for 5 hours after the 
occurrence of the actual extreme. The extreme, either maximum or mini- 
mum, is a short-lived event and is not significantly different than the 
extreme derived from hourly data. 


It}. RESULTS OF TEST 


The temperature data presented by this study provides realistic 
and meaningful temperature standards for use in fuel and lubricant speci- 
fications and will insure that accurate operational limits are specified 
for a variety of petroleum, oil and jiubricant products. Appendix A, 
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part 2 contains tabulated percentile data from the computer for the 340 
weather stations used in this study. Data are displayed by months with 
similar percentiles exhibited among the minimum and the 3 and 6 hour 
minimum temperatures, with complementary percentiles exhibited between 
the maximum and minimum temperatures. Data are readily applied to maps, 
charts, or calculations. Appendix B, parts 2 and 3 present 10th percen- 
tite minimum and 90th percentile maximum isothermal maps of the conti- 
nental U.S. for each month. Parts 4 and 5 of Appendix B present similar 
isothermal maps for Alaska. The J0th percentile minimum and 90th percer- 
tile maximum temperatures have been accepted as practical limits as they 
account for 90% of all possible daily extremes of temperature. 


The 10th percentile minimum temperature maps appearing in Appendix 
B, part 2 are applicable to petroleum products having low temperature 
operability limitations. For example, the pour point requirement of 
Federal Specification VV-F-800a, which was discussed in the introductory 
portion of this study, would be simplified with the use of these maps. 
The answer to what constitutes a practical minimum temperature providing 
protection of fuels would be uniform and meaningful. Another seldom 
mentioned aspect of low temperature diesel fuel operability is overpro~ 
tection; that is specifying too low a cloud point requirement. Additional 
protection or depression of the cloud point is obtained from (1) addi- 
tional refining to samove the "wax forming'' hydrocarbon components, 
(2) addition of flow improver additives, and (3) kerosene blending. An 
example of overprotection with a requested product appeared in a recent 
Defense Fuel Supply Center, Contract Bulletin 027. The product was 
diesel fuel grade DFl to be procured under VV-F-800a with the additional 
stipulation that the product have a maximum pour point of -20°F. and was 
supplied to a U.S. Army Corps of Engineers facility near Jefferson City, 
Missourf. At nearby Columbia, Missouri, one of the weather stations in 
this study, the 10th percentile minimum temperature was +4°F., Indicating 
at least 24° of overprotection. When a product is protected down to 
temperatures which are beyond the reasonably expected minimum temperature 
(10th percentile minimum), the additional cost of this unused protection 
is unjustified. 


The 90th percentile maximum temperature maps are applicable to 
specifications of petroleum products effected by hot temperatures. For 
example, the velatility of motor gasolines is effected by the temperature 
at which the product {s used. At high ope.ating temneritures gasoline 
components may vaporize in a vehicle's fuel system resulting in unsatis~ 
factory performance or vapor lock. As emission and evaporative control 
devices become mandatory for all vehicles, other problems assoctated with 
volatility will occur; namely, poor fuel distribution and abnormal! com- 
bustion. This may be the result of utilizing industry and Government 
accepted volatility-temperature data based on 1966-1967 vehicles which 
were not equipped with the current and/or planned emission and evaporative 
control devices. More specifically, Federal specifications VV-G-76b and 
VV~G-001690 and ASTM specification D 439 contain distribution schedules 
for seasonal and geographic volatility grades of motor gasolines. The 


data used for designing the limiting volatility characteristics of the 
gasolines was computed from tests conducted with 1966-1967 model vehicles. 
As such, this temperature study will be useful in computing new and more 
meaningful volatility schedules to reflect the changes introduced because 
of the changes/modifications of engine systems. 


While the daily temperature range (the difference between the daily 
maximum and minimum) is influenced by factors such as elevation, latitude, 
percent sunshine, and location near large surface features, the 3 and 6 
hour minimum temperature ranges are not influenced by these factors. 
Examination of the data in Appendix A part 2 indicates that the 3 hour 
minimum temperature range is generally 2° and the 6 hour minimum temper- 
ature range is 4-5° for most stations; the only exception being those 
with elevation usually over 5000 feet. As Westbrook (11) reported on 
behavior of the maximum temperature and how it remained within 4° for 
5 hours after the occurrence of extreme maximums, this study concludes 
that during the 2-3 hours before the daily minimum the temperature is 
generally 2° above the daily minimum. Similarly, 5-6 hours before the 
daily minimum the temperature will be 4-5° above the minimum. 


While several examples have been given as uses of the |0th percentile 
minimum temperatures and the 90th percentile maximum temperatures, other 
percentile levels may be more applicabie to other specifications. Nine 
percentile values are calculated for each data type from each station; 
with the use of normal probability graph paper and the given percentiles, 
other percentiles may be determined. Figure 6 is an example of the use 
of probability graph paper to compute additional minimum temperature 
percentiles for the month of January at Chicago's Midway Airport. With 
the variety of temperature percentiles presented, a significant risk 
tevel can be predicted for most products and specifications thereby 
lending not only clarification but sound meteorological substance to fuel 
and lubricant specifications. 


Catiti‘se is advised with interpolations performed on the generalized 
isothermal maps appearing in this study or any constructed from the pre- 
sented data. Distinct temperature changes occur in short distances, 
especially in the vicinity of large surtace features such as mountains, 
lakes, coastlines, or metropolitan centers. On certain maps the tempera- 
ture interval of every 5°F. was not maintained due to insufficient data. 


1V. CONCLUSION 


The weather data presented by this study provide accurate and mean- 
ingful information on maximum and minimum temperature probability for 
the continental U.S. and Alaska. The examination of the 3 and 6 hour 
coid soak periods of the night provides insight to the temperatures 
associated with the daily minimum. This study will not only lend clari- 
fication and meteorological backing to specifications but will ensure 
practical geographic and seasonal distribution schedules, ensuring maxi- 
mum performance and utilization of petroleum products. 
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Company, Bulletin, Enjay Chemical Company, New York, New York 1962. 


A; -R. Rescorla, Weather Patterns and Diesel Fuel Performance, 
Cities Service 011 Company, Tulsa, Oklahoma. 


Temperature data obtained from USAF Environmental Technical Applica- 
tions Center, processed by this Laboratory for use by the U.S. Army 
Materiel Command. The data was In a highly generalized form and 

was also used in the U.S. Army Manual TM 5-618 ''Paints and Protective 
Coatings". 


A. J. Blackwood, A Basis for developing and distributing seasonal 
grades of motor gasolines and lubricants, Esso Research & Engineering 
Company (Blackwood also made reference to a study "Phillips Petroleum 
Company, April 25, 1958'', but cited no other details about this 
weather study.) 


Federal Meteorological Handbook No. 1, Surface Observations, 1970; 
U.S. Government Printing Office, Washington, D. C. 


World Meteorological Orginization, Guide to Meteorolonical Instrument 
and Observing Practices, Third Edition; WMO-No. 8TP.3, 1969, WMO 
Secretarlet - Geneva, Switzerland. 


H. £E. Deen, E. S. Swanson, Jr., and W. M. Peltola; Desiqning Diesel 
Fue!s and Fuel Systems for Low Temperatures ~ SAE Paper 939-A, 
National Transportation Power Plant and Fuels and Lubricants Meeting, 
Baltimore, Maryland, 1964. 


1. Enger, Journa! of Geophysical Research, 1964, July 1959. 
J. H. Westbrook, Relationships of Hourly Durations to the Daily 


Maximum Temperature; Geographical Division, Earth Sciences Laboratory, 
U.S. Army Natic Laboratory, Natic, Massachusetts, 1969, AD 693245, 
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APPENDIX A-1 - Station Listing 


Station 


Birmingham 
Mobi le 
Montgomery 


Flagstaff 
Fort Huachuca 
Pheenix 
Prescott 
Tucson - 
Davis Mountain AFB 
Wins tow 
Yuma 


8lytheville AFB 


Fort Smith 
Little Rock 


Arcata 

Bakersfield 

Bishop 

Biue Canyon 

China Lake ~- Inyokern 
Daygett 

Edwards AFB 

E\ Toro 

Fairfield - Travis AFB 
Fort Ord 

Fresno 

Los Angeles 

Merced - Castle AFB 
Monterey 

Oakland 

Passo Robles 

Point Mugu 

Red Bluff 


WBAN 


Elevation, 
feet 


630 
217 
201 


6993 
h664 
1112 
5019 


2654 
4883 
203 


264 


463 
265 


Period of Record, 


month/year 


01/50 - 12/64 
01/50 - 12/64 
01/50 - 12/64 


01/50 - 12/64 
10/54 - 12/64 
01/50 - 12/64 
01/50 - 12/64 


01/50 - 08/70 
01/50-- 12/64 
01/50 - 12/64 


11/55 - 05/58 
12/59 - 12/70 
01/50 - 12/64 
01/50 - 12/64 


01/50 - 12/64 


Oi/50 - 12/64 
01/50 - 12/64 
01/50 - 12/64 
01/50 - 12/70 


01/50-- 12/64 
01/50 ~ 07/70 
11/50 - 12/70 
01/50 - 12/70 
04/60 - 12/70 
01/50 - 12/64 
01/50 - 12/64 
01/50 - 12/70 
01/50 - 12/70 
01/50 - 12/64 
04/52 - 12/64 
01/50 ~ 12/76 
01/50 - 12/64 


WBAN number is the ‘Weather Bureau Assigned Number'' system of 
numbering stations, used by the National Oceanic and Atmospheric 


Administration. 


For additional information on each station the 


Superintendent of Documents, U.S. Government Printing Office, 
Washington, D. C. 20402, publishes a station description in the 
"Climatography of the United States, Decemial Census of the 


United States Climate’. 
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Station Listing - Continued 


Station 


Sacramento 

San Bernardino - 
Norton AFB 

San Francisco 
San Rafael - 
Hamilton AFB 
Santa Maria 
Ukiah 

Vandenberg AFB 


Alamosa 
Colorado Springs 
Denver 

Eagle 

Grand Junction 
La Junta 

Pueblo 

Trinidad 


Bridgeport 
Hartford 


Dover AFB 
Wilmington 


Washington 
Andrews AFB 


Cocoa Beach - 
Patrick AFB 
Homestead AFB 
Jacksonville 

6: tando 
Panama City - 
Tyndall] AFB 

Pensacola 
Tallahassee 


Tampa - Mac Dill AFR 


West Palm Beach 


Aibany ~- Turner AFB 


Atlanta 
Augusta 
Columbus 


Marfetta - Dobbins AFB 
Savannah - Hunter AFB 


Warner Robins AFB 


Valdosta - Moody AFB 


WBAN 


No. 
23232 


23122 
23234 


23211 
23273 
23275 
$3214 


23061 
93037 
23062 
23063 
23066 
23067 
93058 
23070 


94702 
14740 


13707 
1378) 


13743 
13705 


12867 
12826 
93837 
1284) 


13846 
03855 
93805 
12810 
12844 


13835 
13874 
03820 
93842 
13864 
13824 
13860 
13857 
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‘Elevation, 


feet 


Period of Record, 


month/year 
01/50 - 12/64 
01/50 - 12/70 
01/50 - 12/64 
01/50 - 97/70 
01/52 - 12/64 
01/50 - 12/64 
07/51 - 07/70 
01/50 - 12/64 
01/50 - 12/64 
01/50 - 12/64 
01/50 - 12/64 
01/50 ~ 12/64 
01/50 - 12/64 
01/52 - 12/64 
01/48 - 09/61 
07/48 - 02/62 
01/50 - 12/64 
08/50 - 08/70 
01/50 - 12/64 
01/50 - 12/64 
01/50 - 07/70 
01/50 - 12/70 
01/53 - 08/70 
01/50 ~ 12/70 
01/50 - 12/64 
01/50 - 07/70 
01/53 - 12/70 
01/50 ~- 12/64 
01/50 - 08/70 
01/50 - 12/64 
07/50 ~- 06/70 
01/50 - 12/64 
07/59 - 12/64 
01/50 ~ 12/64 
01/50 - 08/70 
10/50 - 08/70 
01/50 - 08/70 
07/51 - 12/70 


Station Listing - Continued 


WBAN Elevation, Period of Record, 


14 


: 1. «2 ,Station No. : feet month/year 
a 1D™ Boise 24131 2858 01/50 - 12/64 
cc | Idaho Falls 24145 47 hh 01/50 - 12/64 
ES Mountain Home AFB 24106 2992 04/51 - 07/70 
RC Pacate?lo 24156 4466 01/50 - 12/64 
Be | es 
a HL Belleville - Scott AFB 13802 iy 01/50 - 08/70 
i Chicago Midway Airport 14819 623 01/50 - 12/64 
a Chicago O'Hare Int. 
a international Airport 94846 666 01/50 - 12/64 
a Moline 14923 59h 01/50 - 62/52, 
a 04/52 - 12/64 
ES Peoria 14842 662 01/50 - 12/64 
Es | Ratoul ~ Chanute AFB 14806 753 01/50 - 08/70 
§ Springfield 93822 602 01/50 - 12/64 
i} IN Columius ~ Bakalar AFB 13803 651 01/53 - 02/70 
a Evansville 14827 828 01/50 - 12/64 
a Fort Wayne 93817 388 01/50 - 12/64 
: Indianopol is 93819 810 01/50 - 12/64 
Es. South Bend 14848 773 01/50 - 12/64 
‘s 1A Des Moines 14933 963 01/50 - 12/64 
a Mason City 14940 1168 01/50 ~ 12/64 
a Sioux City 14943 1113 01/50 - 12/64 
a KS Dodge City 13985 2592 01/50 - 12/64 
aan Fort Riley 13947 1004 06/54 ~ 12/70 
Of Good! and 23065 3088 01/50 - 12/64 
3 Russell 93997 1830 01/50 - 09/62, 
Be 11/62 - 12/64 
y Tepeka 13996 885 01/50 - 12/64 
@ Wichita 03928 1392 01/50 - 12/64 
EU KY Covington 93814 888 01/50 - 12/64 
y | Fort Campbell 13806 57 06/50 - 12/70 
“ss Fort Knox 13807 785 01/50 - 12/70 
% Lexington 93820 989 01/50 - 12/64 
@ LA Alexandria - England AFB 13934 138 04/52 - 12/70 
Baton Rouge 13970 76 01/50 - 12/64 
Lake Charles 13941 17 01/50 - 12/64 
New Orleans 12916 7 01/50 - 12/64 
Shreveport 13957 25) 01/50 - 12/64 
| ME Bangor - Dow AFB 14601 158 03/51 - 12/70 
| Brunswick 14611 79 12/51 - 12/70 
Caribou 14607 486 01/53 - 12/64 
| Portland 14764 7? 01/50 - 12/64 
{ 


Szation Listing - Continued 


WBAN Elevation, Period of Record, 


__station No. feet month/year 
MD Baltimore 9372) 155 08/50 - 12/64 
Patuxent River - NAS 13721 4s 01/50 - 12/70 
MA Bedford 14702 143 01/50 - 12/70 
Boston 14729 15 01/50 - 12/64 
Chicopee Falls - 
Westover AFB 14703 247 01/50 - 12/70 
Falmouth - Otis A¥B 14704 137 01/50 - 07/70 
Nantucket 14756 12 01/50 - 09/57, 
10/59 - 12/64 
MI Flint 14826 766 01/50 - 12/64 
Grand Rapids 94860 803 01/50 - 12/64 
Houghton 14858 1079 01/50 - 12/58, 
10/60 - 09/61 
Mount Clemens 
Selfridge AFB 14804 606 01/50 - 08/70 
Muskegon 14840 644 01/48 - 12/64 
Oscoda - Wurtsmith AFB 14808 618 11/5C = 12/70 
Sault Ste Marie 14847 724 01/50 - 12/64 
Traverse City 14850 630 01/50 - 12/64 
MN Duluth 14913 1417 01/50 ~ 12/64 
International Falls 14918 1126 01/50 ~ 12/64 
Minneapolis 14922 838 01/50 ~ 12/64 
St. Cloud 14926 1043 01/50 ~ 12/64 
MS Biloxi - Keesler AFB 13820 26 01/50 - 06/70 
Jackson 13956 332 01/50 - 12/64 
Meridian 13865 298 01/50 ~ 12/64 
MO Columbia 13983 785 01/50 ~ 12/64 
Fort Leonardwood 03938 1153 03/63 - 12/70 
Kansas City 13988 750 01/50 - 12/64 
Knobnoster - 
Whiteman AFB 13930 838 06/54 - 12/70 
Springfield 13995 1270 01/50 - 12/64 
St. Louis 13994 564 01/50 - 12/64 
Vichy 13997 1137 01/50 - 12/64 
MT Billings 24033 3583 01/50 - 12/64 
Cut Bank 24137 3838 01/50 - 12/64 
Dillon 24138 5209 01/50 - 12/64 
Glasgow 94008 2298 10/55 ~ 02/68 
Great Falls 24143 3687 01/50 - 12/64 
Helena 241 4h 3898 01/50 - 12/64 
Lewistown 24036 4122 01/50 - 12/64 
Miles City 24037 2634 01/50 - 12/64 
Missoula 24153 3205 01/50 - 12/64, 
15 
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Station Listing - Continued 


Station 


Grand Island 
Lincoln 


‘ North Platte 


Omaha 
Omaha - Offutt AFB 
Scottsbluff 


Las Vegas 
Lovelock 

Reno 

Reno - Stead AFB 
Tonopah 
Winnemucca 


Concord 
Portsmouth - Pease AFB 


Atlantic City 

Newark 

Wrightstown - 
McGuire AFB 


Alamogordo - 

Holloman AFB 
Albuquerque 
Clovis - Cannon AFB 
Farmington 
Las Vegas 
Roswell - Walker AFB 
Truth or Consequences 
Zuni 


Albany 

Binghamton 

Massena 

Newburgh - Stewart AFB 
Kennedy International 
Airport 

Laguardia Airport 
Niagara Falls 
Rochester 

Rome ~- Griffis AFB 
Syracuse 

Watertown 

Westhampton Beach 


' WBAN 


No. 
beeen eaed 


14935 


14904 
24023 
14942 
14949 
24028 


2412) 
23154 
93102 
23169 
24172 
23185 
23118 
23153 
24128 


14745 
04743 


93730 
14734 


14706 


23002 
23050 
23008 
23090 
23054 
23009 
93045 
93044 


14735 
04725 
93725 
14714 


9h 789 
14732 
04724 
14768 
14717 
1477) 
94790 
14719 
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" Elevation, 
feet 


. 1856 
1191 
2787 

982 
1030 
3958 
5079 
6262 
3934 
2180 
3904 
44OO 
5023 
5422 
4339 


346 
127 


67 
10 


ae Arete enna tee Se 


Period of Record, 
month/year 


01/50 
07/54 
01/50 
01/50 
01/50 
01/50 


01/50. 


01/53 
03/50 
01/50 
01/50 


01/50. 


08/52 
04/5) 
01/50 


01/50 


04/56 


01/50 
01/50 


01/50 


01/50 
01/50 
11/51 
02/53 
01/50 


- 
- 
- 
” 
- 
- 


‘N 


01/50 = 


06/50 
01/50 


01/50 
07/51 
01/50 
01/59 


01/50 
01/50 
01/53 
01/50 
01/50 
01/50 
01/50 
04/51 


12/64 
06/64 
12/64 
12/64 
12/64 


» 12/64 


11/64 
12/64 


‘12/70 


12/64 
12/64 
12/64 
12/64 
12/64 
12/64 


12/64 
12/70 


12/67 
12/64 


12/70 


07/70 
12/64 
07/70 
12/64 
12/64 
03/67 
12/64 
12/64 


12/64 
12/64 
03/67 
03/70 


12/64 
12/64 
07/70 
12/64 
12/70 
12/64 
12/64 
11/69 


WBAN, 
Station No. 

NC Ashville 03812 
Cape Hatteras 93729 
Charlotte 1388) 

Cherry Point 13754 
Elizabeth City 13786 
Fayetteville - Pope AFB 13714 
Greensboro 13723 

Raleigh 13722 
Wilmington 13748 

ND Bismark 2401) 
Fargo 14914 

Grand Forks 94925 

Minot 24013 
Williston 94014 

OH Cleveland 14820 
Col umbus 14821 

Dayton 93815 

Toledo $4830 

Youngs town 14852 

OK Altus AFB 13902 
Enid ~ Vance AFB 13909 

Fort Silt 13945 

Gage 13975 
Oklahoma City 13967 

Tulsa 13968 

OR Astoria 94224 
Baker 24130 

Burns 24134 

Eugene 24221 

Klamath Falls 94236 

Medford 24225 

North Bend 24284 
Pendleton 24155 
Portland 24229 

Redmond 24230 

Salem 24232 
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Station Listing - Continued 


Elevation, 


feet 


Period of Record, 
month/year 


01/50 
03/57 
01/50 
C1/50 
01/50 
01/50 
01/50 
01/50 
01/50 


01/50 
01/50 
03/59 
01/50 
03/50 


01/50 
01/50 
01/50 
01/50 
01/50 


11/53 
01/53 
01/50 
01/50 
01/50 
01/50 


01/53 
01/50 
01/50 
01/50 
09/59 
01/50 
01/50 
01/50 
01/50 
01/50 
01/50 


07/64 
12/70 
12/64 
12/64 
12/64 
08/70 
12/64 
12/64 
12/64 


12/64 
12/64 
07/70 
12/64 
12/64 


12/64 
12/64 
12/70 
12/64 
12/64 


08/70 
08/76 
08/70 
12/64 
12/64 
12/64 


12/64 
12/64 
12/64 
12//4 
12/70 
12/64 
12/64 
12/64 
12/64 
12/64 
12/64 


PA 


Rt 


sc 


SD 


TN 


TX 


Station Listing - Continued 


Station 


Allentown 
Bradford 
Erie: 
Harrisburg 
Philadelphia 


‘ Pittsburgh 


Wilkes-Barre - Scranton 
Willfamsport 


Providence 
Quonset Point 


Charleston 
Greenville 

Myrtle Beach 
Sumter - Shaw AFB 


Huron 
Pierre 
Rapid City 
Sioux Falls 


Bristol 

Chattanooga 
Knoxville 

Memphis 

Smyrna - Stewart AFB 


Abilene 
Amartilo 
Austin 
Beeville 
Brownsville 
Corpus Christi 


Del Rio - Laughlin AFB 
El Passo 

Fort Hood 

Fort Hood - Robert Gray 
Rober Gray Field 

Fort Worth - Carswell AFB 
Carswell AFB 

Harlingen 

Houston - Ellington AFB 
Laredo 

Lubbock 

Lufkin 

Midland 


WBAN 


No. 


14737 
04751 
14860 
14751 
13739 
94823 
14777 
14778 


14765 
14788 


13880 
13886 
93718 
13849 


14936 
24025 
24090 
14944 


13877 
13882 
1389] 
13893 
13827 


13962 
23047 
13958 
12925 
12919 
12926 


22001 
23044 
03933 


03902 


13911 
12904 
12906 
12920 
23042 
93987 
23023 
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Elevation, 
feet 


Period of Record, 
month/year 


01/50 
01/50 
01/50 
01/50 
01/50 
01/50 
04/55 
01/50 


01/50 
01/50 


01/50 
01/50 
01/50 
01/50 


01/50 
01/50 
11/50 
01/50 


01/50 
01/50 
01/50 
01/50 
01/50 


01/50 
01/50 
01/50 
08/54 
01/50 
01/50 
01/52 
01/53 
01/50 
11/60 


10/50 


01/50 
07/52 
01/56 
01/50 
01/50 
01/50 
01/50 


12/64 
12/64 
12/64 
12/64 
12/64 
12/64 
12/64 
12/64 


12/64 
12/64 


12/64 
12/62 
12/70 
12/70 


12/64 
12/64 
12/64 
12/64 


12/64 
12/64 
12/64 
12/64 
03/70 


12/64 
12/64 
12/64 
12/70 
12/64 
11/51, 
12/64 
12/70 
12/64 
12/70 


02/61 


08/70 
06/62 
08/70 
02/65 
12/64 
12/64 
12/64 


Station Listing - Continued 


WBAN Elevation, Period of Record, 


Station No. feet month/year 
TX San: Angelo 23034 1919 01/50 - 12/64 
San Antonio - 
Randolph AFB 12911 743 01/50-- 12/70 
Sherman - Perrin AFB 13923 763 01/50 - 12/70 
Victoria 12912 116 02/53 - 07/58, 
07/61 - 12/64 
Waco = 
James Connally AFB 13928 475 01/50 - 06/66 
Wichita Falls 13966 1039 01/50 ~ 12/64 
UT Cedar City 93129 5616 01/50 - 12/64 
Dugway Proving Ground 24103 4359 01/50 - 02/67 
Milford 23176 5033 01/50 - 12/64 
Ogden ~- Hi}] AFB 24101 4788 01/50 ~ 12/70 
Salt Lake City 24127 22h 01/50 ~ 12/64 
Wendover 24193 4273 03/50 - 12/54, 
09/59 - 12/65 
VT Burlington 14742 349 01/53 - 12/64 
VA Hampton - Langley AFB 13702 13 01/50 - 12/70 
Lynchburg 93708 935 01/50 - 12/64 
Norfolk 13750 31 01/50 - 12/70 
Oceana 13764 27 12/51 - 12/70 
Quantico 13773 19 01/50 - 12/70 
Richmond 13740 930 01/50 - 12/64 
Roanoke 13741 1193 01/50 - 12/64 
WA Dalesport 24219 236 01/54 - 12/64 
Moses Lake - Larson AFB 24110 1182 01/50 - 03/66 
Olympia 24227 215 01/50 - 12/64 
Seattle 24233 383 01/50 ~ 32/64 
Spokane 24157 2367 01/50 - 12/64 
Stampede Pass 24237 3963 01/50 - 03/60 
Tacoma - McChord AFB 24207 288 01/50 - 07/70 
Tatoosh Island 24240 86 01/50 - 12/64 
Whidbey Island 24255 55 01/50 - 12/70 
Yakima 24243 1062 01/50 - 12/64 
wV Charleston 13866 989 01/50 - 12/64 
Elkins 13729 1973 01/50 - 12/64 
Martinsburg 13734 430 01/50 - 12/64 


Station Listing - Continued 


WBAN Elevation, Period of Record, 


Station ‘No. feet month/year 

wl Fau Claire 14991 885 01/50 - 12/64 
Green Bay 14898 699 01/50 - 12/64 
La Crosse 14920 672 09/52 - 12/64 
Madison 14837 866 01/50 - 12/64 
Mi Iwaukee 14839 693 01/50 - 12/64 
WY Casper 24089 5323 03/50 - 12/64 
Cheyenne 24018 6144 01/50 - 12/64 
Lander 24021 5558 01/50 - 12/64 
Rock Springs 24027 6745 01/50 - 12/64 
Sheridan 24029 3946 01/50 - 12/64 
AK Anchorage 2645T 132 11/53 - 12/64 
Elmendorf AFB 26401 176 01/50 - 12/53, 
04/56 - 12/70 

Annette Island 25308 113 01/50 ~ 12/64 
Barrow 27502 13 01/50 - 12/64 
Barter Island 27401 kg 01/50 - 12/64 
Bethel 26615 38 01/50 - 12/64 
Bettles 26533 666 04/51 - 12/64 
Big Delta 26415 1268 01/50 - 12/64 
Cape Lisburne 26631 53 08/52 - 12/70 
Cape Romanzof 26633 405 03/53 - 12/64 
Cold Bay 25624 104 01/50 - 06/56, 
07/55 - 12/65 

Cordova 26410 48 01/50 - 12/64 
Fairbanks 26411 L4G 09/51 - 12/64 
Eielson AFB 26407 569 01/50 - 12/70 
Farewe! | 26519 1499 01/50 - 12/64 
Fort Yukon 26413 425 01/50 - 09/63 
Galena 26501 14g 01/50 - 12/64 
Gulkana 26425 1573 01/50 - 12/64 
Homer 25507 65 01/50 ~ 12/64 
ltliamna 25506 157 01/50 - 12/64 
Juneau 25309 80 01/50 - 12/64 
King Salmon 25503 kg 01/50 - 12/64 
Kodiak 25503 112 01/50 - 09/70 
Kotzebue 26616 16 01/50 - 12/64 
McGrath 26510 338 01/50 - 12/64 
Nome 26617 LG 01/50 - 12/64 
Northway 26412 1713 01/50 - 07/57, 
10/57 - 12/464 

Sitka 25333 15 01/50 - 12/64 
Summit 26414 2405 01/50 - 12/64 
Talkeetna 26528 345 01/50 - 12/64 
Tanana 26529 232 01/50 - 12/64 
Umiat 26508 385 01/50 - 12/64 
Unalat.leet 26627 14 01/50 - 12/64 
Yakutat 25339 36 01/50 - 12/64 
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Station Listing - Continued 
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WBAN - Elevation, Period of Record, 


“Station No. feet : __ctionth/year 
Panama Canal Zone ‘ : 
Balboa - Albrook AFB . 10701 227 |. 01/50 = 12/61, 
69/65 ~ 12/70 
Fort Kolbe - Howard AFB 107138 12/54 - 12/60, 
, 12/63 = 12/70 
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APPENDIX A-2 - Tabulated Percentile Data 
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APPENDIX € " : 


Definition of Terms 


Maximum Temperature - The highest temperature among the 24 hourly 
temperature readings of a 24 hour day. 


Minimum Temperature ~ The lowest temperature among the 24 hourly 
temperature readings of a 24 hour day. 


3-Hour Minimum - ~ The highest temperature of the 3 coldest 
consecutive hourly temperature readings of 
a 24 hour day. 


6-Hour Minimum - The highest temperature of the 6 coldest 
consecutive hourly temperature readings of 
a 24 hour day. 


3 ‘Hour Minimum Temperature Range - The difference between the 3-hour 
minimum and the daily minimum of 
the same percentile. 


6-Hour Minimum Temperature Range - The difference between the 3-hour 
minimum and the daily minimum of 
the same peicentile. 


Zero Percentile ~ Lowest hourly temperatu:e recorded during the 
period of record. 


100th Percentile ~ Highest hourly temperature recroded during the 
pertod of record. 
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FIGURE 1. Hypothetical distribution of temperatures. 50% of the 


area under the curve Is the 50th percentile while 90% of the area is 
the 90th percentile. 
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FIGURE 2. Cumulative frequency plot of the temperatures used in 
Figure 1. Directly below the point corresponding with 50% of the cumu- 
lative sum on the plotted line is the 50th percentile. The 90th percen- 
tile is located directly below the point representing 90% of the cumula- 
tive sum. In this study a computer program based on this "graphic method"! 
was used to compute temperature percentiles. 
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4 SG Ark Oey sa set 
PSA ROE OEE 


e OCCURRENCE 
a FREQUENCY 
a 10 1 10 10 
a 15 2 30 40 
a 20 oa 60 100 
a 24 4° 96 196 
a 28 6 168 364 
‘ 31 8 248 612 
i - 33: - 10 330: 942 
g 35 12 420 1362 
ig 37: “14 518 1880 
q 39 19 741 2621 
‘ 40. 21 840. 3461 
: 42 26 1092 4552 
43 30 1290 5843 
: 45 34 1530 7373 
: 48 37 1776 9149 
50' 38 1900 11049 
52 37 1934 12983 
55 34 1879 14853 
57 30 1710 16563 
58 26 1508 18071 
60 21 1260 19331 
61 19 1159 20490 
63: 14 882 21372 
65 12 780 22152 
67 10 670 22822 
69 8 552 23374 
72 6 432 23806 
76 4 304 24110 
80 3 240 24350 
85 2 170 24520 
90 1 90 24610 


FIGURE 3. Data used In Figures 1] and 2. 
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preprints opecey ent y R h eM bE mees ve cme’ ER oeetss eras 
“i TAP : 1 ® ? ; ae: mf 
, oe aa 
a 
fi CHICAGO, TLLINOFS @ MIDWAY APT 
PERCENTILE’ : 
JAN FEB MAR APR MAY JUN YUL AUG 
MAXIMUM 
100 67 68 79 88 94 #404 103 99 
99 58 864 72 86 92 99 98 99 
97 53 54 69 82 99 98 95 95 
95 "48 8 §2 64 89 89 94 94 94 
90 44 47 58 76 86 9% 92 92 
85 42 45) 55074 BA 9 9Q OD 
80 390 448 CSD 748 BQ BQ 
75 37 4% 49 #68 89 88 88 87 
50 32. 35 4, 457 +74 8 84° 82 
MINIMUM 


0 948 44 74 19 32 44 54 46 


10 bab 4 17 30 40 St 59 57 
15 2 9 #49 +34 42 +%5S3 60 58 
20 5 42 21 #33 43 £4%S4 61 60 
25 8 45 23 34 44 58 62 64 
50 19 24 «86290390 6S 


all weather stations used in this study. 
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SEP oct 
101 93 
97 87 
94 85 
93 84 
90 80 
86 78 
84 76 
82 73 
75 = =©65 
37 24 
40 28 
42 30 
43 32 
46 34 
48 37 
50 39 
54 40 
57 46 


FIGURE 4. Printout of computed maximum and minimum percentiles for 
Midway Airport - Chicago. Data of this type appears in Appendix A~2 for 
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FIGURE 5. Diurnal temperature plots for January and July at Minot, 
North Dakota; showing the 3 and 6 hour minimum perfods. The January plot 
has two possible periods that fit the definition of the 3 hour minimum 
temperature period (see Appendix C for definition of terms). 
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FIGURE 6. An example of the use of normal probability paper to 


obtain additional percentiles. January minimum percentiles from Chicago's 


Midway Airport were used for this example. 
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